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(1) $y’(x)=F(x,y(x),$ $\int^{\mathrm{g}}ae_{0}K(x, s, y(s))d_{S)}$ $(x\geq x_{0})$ , $y(x\mathrm{o})=y_{0}$
, $v$ ,
$\{$
(I) $y’(x)$ $=$ $F(X,y(x),$ $v(x))$
(II) $v(x)$ $=$ $\int aeae_{0}K(x, s, y(s))d_{S}$
. (II) $x$ ,
$v(x)$ $=$ $\int_{x_{0}}aev(_{S)s}\prime d, v(x_{0})=0$
, (II)
$\int^{\alpha}ae0(v’(S)-K(X, s, y(_{S})))ds=0$
. $x$ , (1)
(2) $\{$
$y’(x)$ $=$ $F(x, y(x),$ $v(x))$ , $y(x_{0})=y_{0}$
$v’(s)$ $=$ $K(x, s,y(S))$ , $(x\geq s\geq 0, x\geq x_{0})$
.
, – (2) , , -
. A 1 3 , Stiff 2





(ODE) $y’=f(x, y),$ $y(x_{0})=y_{0}$ – (GLM )
.
(3) $\{$
$\sum_{:=0}^{k}\alpha iy_{n+\dot{\mathrm{t}}}$ $=$ $h \sum_{i=0}^{k}\beta if_{n}+:+h\gamma f_{n+s}$
$y_{n+s}$ $=$ $\sum_{i=0}^{k}\hat{\alpha}|..yn+:+\cdot h\sum_{=i0}\hat{\beta}_{i}fn+:k$
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$s$ , $x_{n}=x_{0}+nh,$ $h$ , $f_{n}\simeq f(x_{n},y_{n}),$ $yn\simeq y(x_{n})$ .
$s$ $f_{n+s}$ , $k$ +1 [3].
$\gamma=0$ (3) 2 , .
, $y’=\lambda y,$ $y(x_{0})=y_{0}$ (3)
(ODE) .
(4) $\{$
$\sum_{i=0}^{k}\alpha:y_{n}+$ : $=$ $h \lambda\sum_{i=0}^{k}\beta*\cdot yn+i+h\lambda\gamma yn+s$
$y_{n+s}$ $=$ $\sum_{i=0}^{k}\hat{\alpha}:y_{n}+i+h\lambda\sum_{0i=}^{k}\hat{\beta}.\cdot yn+*\cdot$
${\rm Re}\lambda<0$ . $E$
$\{$
$\rho(E)y_{n}$ $=$ $h\lambda\sigma(E)yn+h\lambda\gamma yn+s$
$y_{n}\dotplus_{s}$ $=$ $\hat{\rho}(E)y_{n}+h\lambda\hat{\sigma}(E)y_{n}$
.
$\rho(E)=\sum i=0k\alpha:^{E^{:}}$ , $\sigma(E)=.\sum_{=10}\beta iE^{*}k.$,
$\hat{\rho}(E)=\sum_{=i0}^{k}\hat{\alpha}iEi$ , $\hat{\sigma}(E)=\sum^{k}\hat{\beta}_{i}i=0Ei$ .




. $\pi_{\lambda}(z)=0$ $z$ $|z|<1$ (ODE) . $-$
1 3 $(s\geq 1/2),$ $4$ $(s=1/2)$ , 1 .
22
1 (VIDE) – (3) (2)
, (VIDE) .
$\sum_{i=0}^{k}\alpha iyn+*\cdot$ $=$ $h \sum_{0\dot{*}=}^{k}\beta ip(x_{n+}i, yn+:, v_{n+}^{\hslash})+\dot{*}+ih\gamma p(xn+s’ yn+" v_{n}^{n+s})+s$ .
$y_{n+s}$ $=$ $. \sum_{1=0}^{k}\hat{\alpha}_{1}.y_{n}+:+h\sum^{k}\dot{*}=0\hat{\beta}:F(X_{n}+i, yn+i, v^{n})n++ii$
$\{$
$v_{n+s}^{n+}S$ $=$ $\sum_{i=0}^{k}\hat{\alpha}.\cdot v_{n+i}^{n+}+hs\sum\hat{\beta}iKi=0k(xn+s’ x_{n+\dot{*}}, yn+:)$
$. \sum_{*--,k0}^{k}\alpha iv^{n}m+|+k$
. $=$
$h \sum_{k}^{k}\beta:K:--0(x_{n+}k, X_{m+\dot{*}},ym+\dot{l})+h\gamma K(_{X_{n+k}}, X_{m+}S’ ym+s)$
$\sum_{\dot{*}=0}\alpha iv^{n}m+|+s$
. $=$
$h \sum_{i=0}\beta_{i}K(Xn+S’ X_{m+}:,ym+:)+h\gamma K(x_{n+S}, X_{m}+\mathrm{f}’ y_{m+}s)$ , $m=0,1,$ $\ldots,\cdot n$
, $v_{m+}^{n+q}\mathrm{P}$
$v_{m+}^{n+q_{\mathrm{P}}} \simeq v(x_{m+\mathrm{P}})=\int ae_{m+p}ae0K(x_{n}+q’ t,y(t))dt$
, 1 $p=0$ $n$ .
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3(VIDE) \dashv
$y’(X)=( \lambda+\mu)y(x)-\lambda\mu\int_{\mathrm{g}_{0}}aey(s)ds$ , $(\lambda,\mu)\in C^{2}$
.
1 1 $y_{0}$ $y(X)arrow 0(Xarrow\infty)$ ,
. I
2 $(\lambda, \mu)\in C^{2}$ , $\mathrm{R}_{\mathrm{A}}$ . I
1 ${\rm Re}\lambda<0,$ ${\rm Re}^{\mu}<0$ . I
, 2 .
. ,
yn $y_{n}arrow 0(narrow\infty)$ , . , $2\vee\supset$
.
3 $(\lambda, \mu)\in C^{2}$ RGA RA $\subset$ RGA ,
A . I
. $\cdot$
4 $\theta_{1}>0,$ $\theta_{2}>0$ , RGA RGA $\subset$
$\mathrm{R}_{\mathrm{A}\mathrm{R}}\cap \mathrm{R}_{\mathrm{A}\mathrm{I}}$ , Stiff . RAR $=\{(z_{1}, z_{2})\in C^{2}|{\rm Re} z_{1}<0$ ,
${\rm Re} z_{2}<0\}$ , RAI $=\{(z_{1}, z_{2})\in C^{2}||{\rm Im} z_{1}|>\theta_{1}, |{\rm Im} z_{2}|>\theta_{2}\}$ .I.
, $\theta_{1},$ $\theta_{2}$ $\theta_{1}>0,$ $\theta_{2}>0$ RGA RA - .
4
\dashv (VIDE)
$\sum_{i=0}^{k}\alpha_{i}yn+i$ $=$ $h. \sum_{1=0}^{k}\beta_{\dot{*}}((\lambda+\mu)yn+i-\lambda\mu v_{n}^{n}\cdot)+|+i$








$h \sum_{i=0}\beta_{iy_{m+}\gamma ym+}i+hS$ $(m=0,1, \ldots, n)$
. $K(x, S, y\backslash (s))=y(s)$ , 2 –
, –
$\sum_{i=0}^{k}\alpha_{i}v_{m}+i$ $=$ $h \sum_{\dot{*}=0}^{k}\beta iym+i+h\gamma y_{m+s}$ $(m=0,1, \ldots, n)$
. ,
$\{$
$\rho(E)y_{n}$ $=$ $h(\lambda+\mu)(\sigma(E)yn+\gamma yn+s)-h\lambda\mu(\sigma(E)vn+\gamma vn+S)$
$y_{n+s}$ $=$ $\hat{\beta}(E)y_{n}+h(\lambda+\mu)\hat{\sigma}(E)y_{n}-h\lambda\mu\hat{\sigma}(E)v_{n}$
$v_{n+s}$ $=$ $\hat{\rho}(E)v_{n}+h\hat{\sigma}(E)y_{n}$
$\rho(E)v_{n}$ $=$ $h\sigma(E)y_{n}+h\gamma y_{n+}s$ .
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, $y_{n+s’ n+S}V$$=0$. $A(E)=\rho(E)+\lambda\mu h^{2}\gamma\hat{\sigma}(E),$ $B(E)=\sigma(E)+\gamma\hat{\rho}(E)+(\lambda+\mu)h\gamma\hat{\sigma}(E)$ .
$y_{n}=az^{n},$ $v_{n}=bz^{n}(a, b\in C)$ $a,$ $b$
. $z$
.
$\pi(z, \lambda h.’\mu h)=\pi_{\lambda}(Z)\pi\mu(Z)$
. $\mathrm{c}$
$\pi(z, \lambda h, \mu h)$ (VIDE) . , $\pi_{\lambda},$ $\pi_{\mu}$
.
$\{$
$\pi_{\lambda}(z)$ $=.$ $A(z)-\lambda hB(Z)=\beta(Z)-\lambda h\{\sigma(z)+\gamma\hat{\rho}(Z)+\lambda h\gamma\hat{\sigma}(_{Z})\}$
$\pi_{\mu}(z)$ $=,$ $A(z)-\mu hB(z)=\rho(z)-\mu h\{\sigma(z)+\gamma\hat{\rho}(z)+\mu h\gamma\hat{\sigma}(z)\}$
$\pi_{\lambda}(z)$ $\pi_{\mu}(z)$ $\pi(z, \lambda h, \mu h)=0$ $\pi_{\lambda}(z)=0$ $\pi_{\mu}(z)=0$





(ODE) (VIDE) . 1




$\pi_{\lambda}(z)=\frac{[_{SX^{2}-2}(1+s)x+6]Z-[(1-S)\dot{X}^{2}+(4-2S)x+6]}{6}$ , $(\lambda h=x(=u+iv))$
. $\pi_{\lambda}(z)=0$ $z$
$z= \frac{(1-S)X^{2}+(4-2S)X+6}{sx^{2}-2(1+s)x+6}$
, $|z|<1arrow{\rm Re} w<0$ $(w\in C)$ $z$ ,
$w= \frac{z-1}{z+1}=\frac{2(-tx^{2}+3X)}{x^{2}-4\iota X+12}$
. $t=s-_{2}$ .
$\frac{1}{2}{\rm Re} w$ $=$ $u(\bm{3}6+(4b^{2}+3)(u^{2}+v^{2}))-t((24+u^{2}+v^{2})(u^{2}+v^{2}))$
. $u<0$ , ${\rm Re} w \Leftrightarrow t\geq 0\Leftrightarrow s\geq\frac{1}{2}$ , $s \geq\frac{1}{2}$ , A
. $s= \frac{1}{2}$ $O(h^{5})$ , $s$ $O(h^{4})$ [3]. 1
, Lambert [1] , –
. $\pi_{\lambda}(z)$ , $\pi_{\mu}(z)$ , , ,
. A , 3 .
48
Euler ( 1) .
1:Euler (1 )
Euler , Euler A ( 2).
.
2: Euler (1 )
A ( 3).
3: (2 )
, 1 4 A
( 4).
4: $s= \frac{1}{2}$ 1 4 $(s \geq\frac{1}{2})$
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. .
, A 2 ,
1 A 3 , 4 .
, Stiff .
3 \dashv Stiff 2 3 – ,
$O(h^{0})$ $O(h^{8})$ . 1
2, 3 . 2 $s$ $s_{0}= \frac{l+\sqrt{6}}{l}\simeq 1.81$
, 3 $s$ $s_{0}= \frac{15+\sqrt{205}}{10}\simeq 2.93$ , Stiff
. [3] . 1
5, 6 .
5 : $s=1.9$ 2 5 ($s>1.81$ Stiff )





4 $(s= \frac{1}{2})$ , 4 4 Runge-Kutta .
1: Linz [2] , $y(x)=eae^{2}$ .








Linz Simpson Adams , $h=0.1$
$10^{-\mathrm{a}},$ $10^{-}4$ . - , 3 $10^{-4}$
.
2: $\langle$ Linz [2] , $y(x)=x$ .







Linz , $10^{-5},10^{-}4$ . - ,
3 $10^{-5}$ .
3: $\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{e}\mathrm{e}[5]$ , $y(x)=e^{-ae}$ .







$\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{e}\mathrm{e}$ $h=0.1$ $10^{-3}$ , $h=0.\mathrm{O}1$ $10^{-6}$




. A 1 3 , 1 4 , Stiff
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$(s>s_{0}(\simeq 2.93), t=77S-2150s+48)$ .
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